On Positiveness of Matrix-Valued Polynomials and Robust Semidefinite Programming by Bliman, Pierre-Alexandre
HAL Id: inria-00071674
https://hal.inria.fr/inria-00071674
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
On Positiveness of Matrix-Valued Polynomials and
Robust Semidefinite Programming
Pierre-Alexandre Bliman
To cite this version:
Pierre-Alexandre Bliman. On Positiveness of Matrix-Valued Polynomials and Robust Semidefinite









   



















ap por t  
de  r ech er ch e 
THÈME 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE





Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)












AYiWG? T5UWago3xjZYnQkCxph3aco q ZY?kGhpZ q hpk(hjUWZ*oshpd q rkGxjkCWduosh|opZYX[a q Z$umWalhpZ*nWxpk?CxfGX[X[almuuyZ*opUWkihjUufih3hjk(hpUuZ
agopopdWZ(kGt$k?X[nWd hpacmWhjUWZ( k?xjoshs¡¢tYf?osZkCnWhpacX[fCeSifGecdWZ(kGosZAX[a q ZYumWalhpZnuxpk?CxfGX(o q ZYnQZYm q almW£nQkCecrbmWkCX[agfGecelrMdWnJk?m¤f
umWalhpZ*m}duX*QZYx3kCQkCdum q Z q ojtYfCecfCx5nufGxfGX[Z$hjZYxoY¥ k?mWZX(f¦r§f?opopk t$agfihpZ8f(tYkCdWm}hjfCWecZ¨fGX[alecrkGSo{hfGm q fCx q opZYX[a q Z$umua©hjZ
nWxjkC?xjfCX[oA¥@UWk?opZ k?n hpacX(fGebifGecdWZAoªt$k?mbCZYxjCZ«Xk?mWkGhjkCmWagtYfCelecr¬hpki5fGx q o1hjUWZ5xpZ@­}dWZAoshpZ q ­}dufGm}hpalh{rCªT5UWZ5xpZ@osdue©hoagoªelacmW®CZ q
hpk[xjZYnWxjZAopZYm}hfihpackCm§¯kCxjX*dWegf[fGm q nQk?opa©hjal?ZYmWZ@opotYxpalhpZAxpackCm§¯kCxX(fihjxpalvb¡=ifGecdWZ q nQkCecrbmWkCX[agfGegoY
°£±}²´³pµ*¶ i·
? ~k?Wduosh|_bZYX[a q Z$umua©hjZ8wyxpk?CxfGX[X[almuu¥ ¸¹acmWZAfCx3º»fihjxpalv§¼¢mWZ@­}dufGeca©hjalZ@o
½5¾J¿3ÀÁÃÂ ÄWÅiÆsÇÈÈ$Ç@ÉsÊ$ËÇÌ$ÊjÍ$ÎÈ$Ç ÏcÐAËAÆNÑ¦ÊjÍAÒ@Æ¢Í$ÈGÆsÊ ÏgÓ$È¦Ô
2[#- "$  
	






    ZxfGnWnQkCxph*ZAosh^tYkCmuojfCtYx£e $hpd q Z q Z§ecf£nuxpk?CxfGX[X(fihpackCm opZYX[a©¡ q YumWacZxpk?WduoshpZ?3kCdJoX[kCm}hpxjkCmJo
­}d fGdnWxjkCuelVAXZ q d-tAfGegt$dWe q Z¬ecf*ifGecZYdWx kCn hjalX(fCelZ?¥ q fCmuo elZnWacxpZ q ZAo5tYf?oY¥ q  dWm§nuxpk?CxfGX[X[Z3osZAXal¡ q $umua q YnQZYm q fCm}h
q Z[X(fGmWacVYxjZnJk?elrbm?XagfGecZ q Z[nufGxfGX[V$hjxpZ@oojtYfCecfCalxjZAoQkCxjmAoA¥1kCmnJZAd hfCojosk tYalZAx¬dumWZ¨fGX[alececZ q YmWk?X*WxfGWecZ q ZnuxpkC¡
CxfGX[X[ZAo opZYX[a©¡ q YumWago oshjfCm q fGx q ¥ q k?m?h elZ@o ¦fCelZAdWxo«k?n hpacX(fGecZAo5t$k?m}?ZYxjCZAm?h q ZX(fGmualVAxpZ¬X[kCmWkChpkCmuZ|CZAxjo egf*­}dufGm}hja©h
xjZAtUWZAxjtUAZC  Z5xAopdWelhjfihZAoshela |dWmuZ ¯k?xpX^dWecZ q Z5xjZYnWxAopZYm}hfihpackCm*Z$h!|dumtYxpalhpVAxpZ q Z nJk}osalhpacba©h nQkCduxªecZAonQkCecrbmCX[Z@o
ifGecZYdWxo5X(fihpxjagt$acZYecelZ@oY
"¶ A ³ $#  § wyxpk?CxfGX[X(fihjalk?m§osZAX[a©¡ q $JmWalZ8xjkCuduo{hjZC¥ ¼¢mA?fCelalh@o ecacmAfCalxjZAo5X(fihjxpagt$acZYececZAo
   ^(%-# yª	$
_bZAXa q ZYumWalhpZ3nWxjkC?xjfCX[XacmW¬UufCoyJZ@t$kCX[Z|fnQki ZYxp¯dWeWdWmWal¯rbalmu¯xjfCXZA k?xp®¯kCxyZYvbnuxpZ@opopalmufCm q osk?elbacmWX(fGmbr*nWxjkCW¡
ecZYX(oY¥CZAopnJZ@t$agfGecelracm^k?n hpacX[a@fihpackCmfGm q t$k?m?hjxpk?eChjUWZYk?xprcAW¥G=T5UWagoSt$egfCojokCJt$k?mbCZ$v8k?n hpacX[a@fihpackCm^nWxjkCWecZYX(oA¥Gosk?el?Z q
brZ	t$acZYm}h*acm?hjZYxjalk?xs¡ nQkCacm?h8X[Z$hjUWk q oA¥
Uuf?o*opnWxjZAf q a q ZYecrC¥opZYZ§fCmdun ¡NhjkG¡ q fihjZ(nufGmukCxfGX(fkG5hpUWZhpUWZAkCxjZ$hpagtYfCeN¥fGnW¡
nWecactAfihjal?Z¬fCm q fCel?kCxja©hjUWX[actfCopnJZ@thjo acm
cY\ y3X[k?mW^kChpUWZAx fCnWnWecactAfihjalk?muo«acmt$kCm}hjxpk?e¨UWZYxjZ¬opZYX[a q Z$JmWa©hjZnuxpk?CxfGX(o
fGxjZ8kG hjZYm£xjZ$¯ZAxpxjZ q hpk-fCoecalmuZAfGxX(fihpxjalv-acmWZA­}dufCelalhpacZAoA¥JfCWWxjZAt$agfihjZ q ¸º»¼{o$¥QoshjfCWalecalh{rC¥JoshjfCWacelaAfCWalecalh{rC¥ q Z$hpZ@thfGWacelalh{rC¥8fCm q nJZAxs¯k?xpX(fGmJt$Z8fGmufCelr opacoA¥ufCm q ¦fCxpackCdJo5xpZAecfGhpZ qq Z@osacCmagopopdWZAo3X[f¦r-JZoshjfGhpZ q fCo¸º»¼{oY¥QosZAZ8ZC uWxjZAtYZYm}h
nWxjkC?xpZ@opo alm 
 mufGhpdWxfGeJZ$vbhpZAmuopalk?m5fCoyhpkacm}hpxjk q dut$Z	 "!$#%!	&	')(+*,&+-/.0(1#2&/3456'7')(1."5G¥ f q fGn hjZ q hjk*osZAX[a q ZYumWalhpZnWxpk?CxfGX¡
X[almu*nWxjkCWecZYX(o a©hjU q fGhjfopdW z{Z@th hpk^dWmut$ZAxshfGacm}hpacZAo8  ¼¢mhjUWZtYkCm}hpZYv}h kGtYkCm}hpxjkCe%l	=¥}hpUuaco«h{rbnJZ¬kG¹nWxjkCuelZAX[o fGnW¡
nQZAfGxo1¯k?xZYv fCX[nWelZ«UWZYm*oshpd q rbalmWt$kCm}hjxpk?eGhpZ@tUWmWag­}dWZAoxpk?Wduosh
fG}fGacmuo{h
nufGxfGX[Z$hjxpagtdWmutYZYxphjfCalm}h{rC¥@kCx
?fCalm ¡¢ojtUWZ q duelacmW
X[Z$hjUWk q oY¥Gf?o¹hjUWZAopZ acojosduZAoªfGX[kCdWm}h
hpktUuZAt®8osk?elifCWalecalh{r¬kCJ¸º»¼{ok? hjfCalmWZ q ¯kCx q a9QZAxpZAm}hªifGecdWZ@okCJosk?X[Z«nufCxjfCXZYhpZAxjoA
~k?WduoshopZYX[a q Z$umWalhpZnWxjkCCxfGX[X[acmW¤aco-ecalmW®?Z q hjkPf q a:t$due©hnWxjkCWecZYX+kG*fCel?ZYWxfGagtCZAkCX[Z$hjxpr?¥mufGX[ZAelr hpUuZ
q ZYhpZYxjX[almJfihpackCm kC ZYv}hjxpZAX(f-kCX*dWelhpacifGxjacfGhpZ[nJk?elrbmWk?X[acfCecoA§~Z@t$ZYm}hjelr?¥ª¸
fCojosZAxpxjZ; <5fGm q wSfGxjxpaceckcA Uuf¦CZ(opUWkim
acm q ZYnQZYm q ZYm}hpecrhjUufihShjkZYCZAxpr8nuxpk?WelZAXkGJhpUWZegfihphpZAxh{r}nQZX(f¦r8JZ3f?opopk t$agfihjZ q fopZA­}dWZAmut$Z5kG´o{hfGm q fGx q opZYX[a q Z$umua©hjZ
nWxjkC?xjfCXX[acmW8xjZYegfivWfihjalk?muoY¥?UWk?opZ|k?n hpacX(fGeQifGecdWZAo t$k?m}?ZYxjCZX[kCmukGhpk?mWagtYfGececr*hjkhpUuZxjZA­}dWZ@o{hjZ q  kCxo{hp¡ tAfCopZkCn hjalX(fGe
ifGecdWZC>= kGhpU»fCnWnWxjk?f?tUWZAoX(fC®CZegfGxjCZ8duopZ*kCShpZ@tUWmWag­?duZAo¬fGm q xjZAopdWelhjokG«fGecCZAWxfGagtCZYk?X[Z$hpxjrC|_ kCecd hpackCm»kCyxpk?Wduosh
q ZYumWalhpZnWxjkC?xjfCX[XacmWnWxjkCWecZYX(o8alhpU¤nQkCecrbmWkCX[agfGe q ZYnQZYm q ZAmut$Z§kG5hpUWZ§nufGxfGX[Z$hjZYxoX(f¦rMQZkC hfGacmWZ q f?of£br}¡
nWxjk q duth¬kGyhjUWZAopZ*xjZAopdWelhjoA¥JJfCopactAfGecelrf qWq almW§hpUWZacmWa©hjacfCe q ZAtYacopalk?m£ifGxjacfCWelZ@ohjk§hjUWZ^opZ$hkGyifGxjagfGWecZAo|alm}hpxjk q dutYZ q acm
hpUuZ8xpZAecfGvbZ q nWxjkCuelZAX[oA
¼¢mhpUuZynWxjZAopZYm}h¹nufGnQZYx@¥¦ ZSnuxpZ@osZAm?hªfGelhpZYxjmufGhpacCZX[Z$hpUuk q hpk|opkCecCZhjUWZyxjkCWduoshopZYX[a q Z$umWalhpZ nWxjkCCxfGX[X[acmW5XZYhpUWk q 
T5UWZ3xjZAopdWelh«ago opalX[acecfCxyacm§osnualxja©h@¥}f?oSalh fGegopk8nWxpkiba q ZAo«fosZ@­}dWZYmutYZ3kG¹opZYX[a q Z$umua©hjZ|xjZYegfivWfihjalk?muokG´hpUuZ|acmWa©hjacfCeJnuxpk?WelZAX¥
alhpUMacmutYxpZ@fCopalmW§nWxpZ@t$agosackCm@?3ki ZY?ZYx@¥ualh¬ago q alxjZAt$hpecrk? hjfCalmuZ q ¯xjkCX hpUuZ^X(fihjxpalv£almuZA­}dufGecalh{rC¥Qa©hjUWkCd hacm?hjxpk q dJt$acmW
f quq a©hjalk?mufGe
ifGxjacfCWelZ@o hpkk? hjfCalm»ojtYfCecfCx3acmWZA­}dufCelalhpacZAoAº£kCxjZYki?ZYx@¥bhpUWZnuxpkbkGSago3k? hjfCalmWZ q br-ftYkCX[nWecZ$hpZAelr q a9QZAxpZAm}h
fGnunWxpk}fCtU¹¥ªuf?osZ q ZAojosZAm?hjacfCelecrkCmBA8fCelX(fGmW¡DC«fC®}duJkibagtU ¡=wk?nJki£ecZYX[X(fWMhpkC?Z$hjUWZYx^a©hjUPf£xjZAopdWelh^kCm Z$v acoshpZAmut$Z§kG
nQkCecr}mukCX[acfCe¹osk?eldWhpackCmuo hjknJfGxfGX[Z$hjZYxp¡ q ZAnJZAm q ZAm?h3_FEw nWxjkCWecZYX(o hjfC®CZAm§¯xjkCXG \ 
T5UWagoxjZYnQkCxph5agok?xp}fGmWaYZ q f?o5¯kCecelki3oAS¼¢mH[fCxpZacm}hpxjk q dut$Z q dJosZY¯dWemWkChjfGhpackCmuoAywk?opa©hjal?ZYmWZ@opo5kCªX(fGhpxja©vb¡ ¦fCelduZ q
nQkCecr}mukCX[acfCeco5ago hpUuZYm»oshpd q acZ q acmIHjW¥ UuZYxjZhjUWZ8®CZArxjZAopdWe©h3agooshjfihjZ q fGm q nuxpki?Z q NT5UWZYk?xpZAX$S¼ h3aco|osUWkimacmHj\
UWki hpUuaco xpZ@osdue©h aco«elacmW®CZ q hpk*xpZAnWxpZ@osZAm}hjfihjalk?m[xpZ@osdWelh«¯k?x«nQkCecrbmWkCX[agfGeuX(fGhpxjactYZAo@NT5UWZYk?xpZAXKJ, ¥}almhpUWZ¬opfCXZ f¦r*hpUufCm
hpUuZxpZ@osdue©hobr-¸f?opopZYxjxjZfCm q wSfGxjxpacelk(fCxpZ8ecalmu®CZ q hjkxpZAnWxjZAopZYm}hjfGhpackCmkGnJk}osalhpacCZnQkCecrbmWkCX[agfGego5bropdWX(okGyoj­}dufGxjZAoA
¸f?o{h@¥WT5UWZYk?xpZAX^acofCnWnWecalZ q hpkhpUWZ8agojosdWZ8kC





XYVa q ZYm}hpalh{rX(fihjxpalv§fGm q hpUWZWVXYVfCm q VXZ[YZYxjk*X(fGhpxjactYZAo xpZ@osnQZAt$hpacCZAelr?
T5UWZosrbX^Jk?e8\ q ZYmWkChpZAo]AxjkCmWZ@t®CZAxnWxjk q duth@¥ShpUWZnQki ZAx^kC^AxjkCmWZ@t®CZYx*nWxpk q dJth[JZAalmWduopZ q a©hjU hpUuZmJfihpduxjfCe
X[ZAfCmWalmu0_a` Ub
c,def `hg Uikjl+b \m` ( ®CZAr£nWxpk?nJZAxsh{rMaco¬hjUufihYnpom\mq7rsnutv\mw;r f nDo^tx\yq)w;r|¯kCx8X(fihjxpagt$Z@o¬kG
t$k?X[nufihjalWecZosaYZ?T5UuZtYkCmiz{du?fihjZ¬fCm q hjxjfCmuojt$kCmGz{dW?fGhpZ|kCz` ¥ fGxjZ q ZYmWkChpZ q `x{fGm q `}|8yT5UuZdWmua©h|tYalxt$ecZacm~ aco
q ZAmWkGhjZ q fCo hjUWZ8Jk?dWm q fCxpr; kGªhpUuZ8dWmWalh q agos®´¥WfGm q hjUWZopZ$h3kGnQk?opa©hjal?Z8alm}hpZACZAxjo ¸
fCoshA¥ hjUWZosZYh3kGosrbX[X[Z$hpxjagt
xjZAfGe¨xpZ@osn UWZYxjX[a©hjacfCmtYkCX[nWecZ$v0 X(fihpxjagt$ZAo kCopaAZWVX[Vago q ZAmWkGhjZ q; P ¯xjZAopn¹F P $









hpUuZCZ@thpk?xnp    \	Q\    j r5tYkCm}hjfCalmuo5ZYvWfCthjelr§hpUWZ7¡ X[kCmukCX[acfCeco3alm
 j¢ 	Q ¢   kC q ZYCxjZYZfGh3X[k?osh>4£  alm£Z@fCtUifGxjacfCWecZC
¤¥¤§¦©¨Fª¬«$­$®
¸f?o{h@¥b¯kCx3fCm}r  ¥ecZ$h
  c,def nDN  R  Tj r ¢  c,def nDR  T0j N  r  N,






ifGecdWZAo5acm  P ¥WfCm q nJk?elrbmWk?XagfGe1acm-hpUWZtYkCX[nJk?mWZYm}ho5kGSf^?ZAt$hpkCx)¥utUuZAt®(UWZYhpUWZAxQ_ ):£ )  ¢ 7nr R  ¨ 
T5UWZnQkCecr}mukCX[acfCeacece¹JZ8xjZYnuxpZ@osZAm?hjZ q fCo ¯kCececki3oYS¸¹ZYhduo3fCtUualZACZhpUWZtUufCmWCZ¬kGifGxjacfCWecZAo
 f    ¨\?f 
 UWZAm[tYkiCZAxjo^nD4/r ¥bhjUWZYm^¦fCxpacZAo5acmhpUWZ8UukCecZopZ$h :£ )  a©hjUWkCdWh|elk}opo kCª?ZYmWZAxjfCelalh{rC¥bkCmuZ¬X(f¦rxjalhpZ
7n!r f 7n  " r f np  #s \mQ	\B  #j \ N	P0r |  # nu  # \ 	Q\   #j \ N	P0r ¢ ¯\C4
UWZAxpZ%$]£  acohpUuZX(fGvbacX*duX kCyhpUuZ q ZYCxjZYZ@o|kC acm»hjUWZ[¦fCxpagfGuelZ@o&j ¢ Q	 ¢   opZYnufCxjfGhpZYecrC¥1fCm q UWZAxpZ' # ago¬fWv Z q X(fihjxpalv(alm  #( P ¥WtYfGececZ q hjUWZ*)sQ&+,)	(+&	.0#/'6#p$(-kG.yT5UWZ¬Z$v nWxjZAojosackCmkC/ # alm¯\"«X(f¦r[QZ q Z q dutYZ q ZAf?osacelr¯xjkCX hpUWZosacX[alegfGxZYv nufGmuopackCm¤kG07n!r8acm¤nJki ZYxo8kC0b¥opZYZhpUWZ3nWnQZYm q a©v1¥SUWZAxpZ(hjUWZ§f q ZA­}dufGhpZ(hjZAtUWmWag­}dWZAo^fGxjZ
q ZACZYeckCnQZ q = r¨\  ¥WhpUWZ8acmWalhpagfGe1nWxjkCWecZYX,UufCo hjU}dJoJZAZYmhpxfGmJo{¯k?xpX[Z q ¥}alhpUukCd h3eck?ojo5kGCZAmWZYxfGeca©h{r?¥balm}hpk(tUWZ@t®balmWUWZYhpUWZAx
 )nD4/r  ¢ npS #s \ 		\B  #j \ N P r |  # nuF # \mQ	\   #j \ N P r R ¢ DJ,
¯kCx3f^Wv Z q tYkbZ¬t$acZYm}hX(fihpxjalv1 #   #( P Wk?x8/2$´¥ q Z$umWZhjUWZt$kbZ	(tYalZAm}h5X(fGhpxjactYZAo3    4( P }rhpUWZ¯k?eleckialmuxjZAtYdWxosackCm§¯kCxjX*dWegfS_  j cdef   5687:9<;:=6?>A@8B6?>DCE@7GFIH @ J J J @ (
n?  \ 		\2 j \ N P r {   n?  \mQ	\K j \ N P r  ¨ 
~Z@tYfGece
hpUufGh   ¢  fCxpZ q Z$umWZ q acm N, W= Z$¯kCxjZ?kCacmWkCm»¯dWxshjUWZYx@¥´ Zt$egfGxja©¯racm»hpUuZ*mWZYv}hxjZAopdWe©hhpUWZ^elacmW®£ZYvbagoshpacmW
QZ$h{ ZYZYm-hpUuZ¬X(fGhpxja©vb¡ ¦fCelduZ q nQkCecrbmWkCX[agfGego>np   \m	QQ\   j \ N	P0r |L  nu    \m		Q\    j \INQPr«kC hfGacmWZ q ¯kCx q a9QZAxpZAm}hifGecdWZAo5kCNMK$´O«±   PRQTS ©6VUDU MK$XWZY¬©)6VUDU[~z[W
npS  \mQ	\B   j \ N	P0r |   npS   \ 	Q\    j \ N	Pr f \]_^ j ` ab  ] b  c
 i # 7n  " r  pd$.3S6©$#D(A)	 eU6fWgY¬6hUDU4NM2$gWZY¬)6hUDU]InD4/r2[W
npS  \mQ	\B   j \ N P r |   npS   \ 	Q\    j \ N P r f 7n  " r  ij ?Yk^EdWZhpkN, fGm q hjUWZ8ufCopagtnuxpk?nJZAxshjalZ@o	_ ~ ¢  O ¢ 0   f     j  ¢  0   f   0  j  ¢ +< 
lnm¤olDp
kCmuZ¬UJfCoA¥b¯kCx3fGmbr;/M2$´¥
np    j  \mQ	\    j j \ N P r |    j nu   j  \ 	Q\    j j \ N P rf   5687e9<;e=68>n@EB68> C @7GFIH @ J J J @ (
n8     j  \ 	Q\2 j     j j \ N P r |   n?      j  \mQ	\K j    j j \ N P r
f   5 7 9 ;?@ H CE@7GFIH @ J J J @ (
b   b  H 	Q b j b  ( npS  \mQ	\   j \ NQPr |   npS   \ 	Q\B   j \ N	Pr
f   n ab   b  r 	Q n ab  j b  rsnu    \mQ	\    j \ N P r |   np    \ 		\B   j \ N P r
T5UWZ»tYecfCalX[Z q nuxpk?nJZAxsh{rvp©(aco[hjUWZYm k? hjfCalmuZ q alm q duthjal?ZYecrC¥fGm q hpUWZ»opZAtYkCm q ¯kCxjX*duecf acm ¸¹ZYX[X(f £ago q Z q dut$Z q
acXX[Z q acfGhpecrC
ZfCxpZmWki xpZ@f q r[hjko{hfihjZhjUWZ8®CZArxjZAopdWe©hkC
hjUWZ8nufGnQZYx@
 ±b¶  ± 	oQ
 &¬#0 6Y3ShU.4©')(+6hU8'633 (1. 5    P ?Y*&u5©&&
6#'!$#0$[£  (1.&s6)6$(+6 U&Gk)&D-. &(1#D! )sQ&+2)¬(+&	.0#)']6©#D$(A)s&¬!%  W^ M $XW)#0&#p6.0!nY¬$'6#p(+. ¨\ 6©.4*#S&&f)¬ Fs!$(+. ¨,<kS&	. W#S& Y¬VUDU(1. 56!s!	&	$#D(+©.S!6&|ZA­}dWacifGecZYm}h k
 ( !#"6©#D$(-'7n!rW( ! 3S!$(1#D(&]*&D-.0(1#2&aY¬)6©.$T):£ )  k
 (1( !%&0&¬&& -( !$#z¥ W NM2$gW6©.4*(' ']6©#D$(A)s&¬!*) ,+ ]   g  i j l (.-0/21 H /- H P W43 f  Q	 ' W Ys eU - UDU:(1. 5#S&!	&¬'7(+*&D-.(1#u&345©6'5
   5 ] ^ j 6  g  i ]  j lDb i j \ N  /- H P87 { ) ,+ ] 6  g  i ]  jl+b ikj \ N  /- H P97




 "*dN,a( !>!	hU6,U& Y¬#S&(1.4*& -] W#S&	.(1# ( !a6hU!	!	hU6,U&aY¬©)6.:%U6p5,&	(1.4*,&E-:k iT5UWZAkCxjZYX nuxpkiba q ZAo8f¨fCX[alecrkC5oshjfCm q fCx q ¸º»¼{oY¥ªalm q Z$v Z q brhpUWZ§nJk}osalhpacCZ(acm}hpZY?ZYx){¥
Uuk?opZosk?elifGualeca©h{raco
opdFt$acZYm}hhjk q Z q dutYZ  ( !i*T5UWZ@osZ[t$k?m q alhpackCmuofCxpZ^Xk?xpZfGm q X[kCxjZ*nWxjZAtYacopZ*UWZAmyalmJt$xjZAfCopZAoA8 tYfGnua©hfGeªnWxpk?nJZAxsh{r





hjZAtUWmuac­}dWZalm T5UWZAkCxjZYX -t$kCmJosago{ho|acm fCtUWacZYbacmWhjUWZ(tUufGmW?Z^kC«ifGxjacfCWecZAo7¯\ $¥¹acmk?x q ZAx|hjk§hfG®?Zf?o
f q ZAnufGxphpduxpZ(hjUWZ-fCd v alecagfGxjrMnWxjkCWecZYX DJ, ¥SZYvbnuxpZ@opopZ q alhpU ifGxjagfGWecZAo*elrbacmW»kCm hjUWZ§dumWa©h(t$acxt$ecZC£¼¢m tYkCmuopZA­}dWZAmut$Z?¥
T5UWZAkCxjZYX W¥?fCo ZYeceuf?oSkGhjUWZYxSxjZAopdWelhjoSacmhpUWZnWxjZAopZYm}hynufCnJZAxA¥CX[f¦r^JZZYvbhpZYm q Z q fCelk?mW|hjUWZ|ojfGX[Z5nWxjalmutYalnuelZ@oY¥?alm[kCx q ZAx
hpk tUWZ@t®nQk?opalhpacCZYmuZAojokGnJk?elrbmWk?XagfGe X(fihjxpagt$Z@o*k?mPopZ$hjo q a9QZAxpZAm}h^¯xjkCX fMnWxpk q dJth[kG|acm}hpZYxjifGego*k?x*dWmua©ht$acxt$ecZAoA¥
Wd h8UWagtU¹¥¹dunMhjknQkCecrbmWkCX[agfGeStUufCmWCZ^kG ifCxpagfGWecZAoA¥1X(f¦r£JZ[nufCxjfCX[Z$hpxjaYZ q }rfumua©hjZmbdWX^JZAx8kG«acm q ZAnJZAm q ZAm?h
ifGxjacfCWecZAo1ecrbalmW|kCmt$k?X[nWelZYvdWmua©h q acop® oYªTk q fihjZC¥¦a©h
aconJk}opopaluelZShjk|t$k?muopa q ZAx
opZ$hoopdutU8fCo1hjUWZ«QkCdum q fGxjr|kCWfGm8ZYececalnuopZC¥
hpUuZJk?dWm q fCxprkGf£UbrbnJZAxjopnWUWZAxpZ¯dJosacmW»?ZYmWZAxjfCelaYZ q opnWUWZAxpagtYfCeyt$kbkCx q acmufihjZAos ¥k?xZY?ZYm¤opnWUWZYxjZAokCxUbrbnJZAxjopnWUWZAxpZ@o
hpUuZYX(osZAel?ZAo)¯acm?hjxpk q dJt$acmW-f§mWZYtYkCX[nWecZ$v¦fCxpagfGuelZecrbalmu§kCmhjUWZ q acop®hpknJfGxfGX[Z$hjxpaYZ8hjUWZ*xf q alduos ¬T5UWagofCxshja©JtYZ
nQZYxjXalhjo«osk?XZ5ZYv}hjZYmuopackCmuokCQT5UWZAkCxjZYX W¥Ga©hjUWkCdWhyUWki ZACZAxfGhshfGacmWalmuhjUWZnQki ZAxs¯dWecmWZ@opoªkGQhpUuZxpZ@osdWelhjobr*¸
fCojosZAxpxjZ
fGm q wSfGxjaceleckuj ?Y)?Y?S&s&¬' T5UWZ tYkCmbCZAxjopZMacX[nWecactAfihpackCm  (1( !#@  ( !agohpUWZ ZAfCopr nufCxsh£kGhpUuZ¤nWxpkbkC{ ¼¢m q ZYZ q ¥xpacCU}hp¡
X*due©hjalnWecrbalmu[fCm q elZY hs¡ X*dWelhpacnWecr}acmW[QkGhpU£opa q ZAo kGªalmWZ@­}dufGeca©h{rI¨ «brnu    \m	QQ\   j \N P r fCm q alhjo hjxjfCmuojt$kCmGz{dW?fGhpZ
¤¥¤§¦©¨Fª¬«$­$®
rbalZAe q oY¥WfG hpZYx|xpZAnJZ@fihpZ q dJosZkGª¯kCxjX*duecf?o>D<,$¥
RP np    \	Q\    j \ N	P0r |   nu    \mQ	\   j \ NQP0r 5 ] ^ j n  £ b  ] b  r$np   ikj  \	Q \   ikj ] \
   ] i j \ 	Q\  j \N	P0r | ) + ] np   ikj  \Q	 \   ikj ] \   ] ikj \Q	\   j \N	P0r 
T5UWago3opZYmuopZkGhjUWZt$egfGacX[Z q ZA­}dWacifGecZYmutYZ¬ago5hjUWZYm q Z q dut$Z q }r§elZYhshpacmW b  ] b f  ¥83 f  ¢ 	Q ¢ '¥WfGm q duopacmW¸¹ZAXX(fC
T5UWZ-nWxpacmutYalnWecZkGhpUuZ-nWxjkbkG|kChpUWZacXnuelagtYfGhpackCm  ( ! @  (1( !-tYkCmuopago{ho*acm ;sxpZAX[ki}acmW=[k?mWZ$¡ br?¡ kCmuZ(hpUWZ ' ¯xpZAZ
ifGxjacfCWecZAo^ ] alm  ( !i¥1fGm q ;{xjZYnuecf?t$acmW =8hpUuZYX br-hjUWZX[fGhpxja©v£ifGxjagfGWecZ ) ,+ ] alm  (1( !¦8T5UWZ^alm}hjZYxjXZ q agfihpZo{hfG?ZC¥QUWZYxjZhpUuZ[uxjosh3¯xjZYZ[ifGxjacfCWelZ@oaj ¢ Q	 ¢  ] Uuf¦CZJZAZYm xjZYX[kiCZ q fGm q hjUWZt$k?xpxjZAopnJk?m q acmW?3|X[fGhpxjactYZAo) + j ¢ Q	 ¢ ) ,+ ] Uuf¦?ZQZYZYmacm}hpxjk q dut$Z q ¥ aco|tYfGececZ q nWxpk?nJZAxsh{r ] yT5UuZ¬nuxpkbkGªaco3kCxj?fGmuaAZ q acm-¯kCdWx|oshpZAnuo hpUJfih3 Z¬muki nWxjZAopZYm}hAPXQ T5UWZ nWxpk?nJZAxsh{r ] aco
uxo{h q ZYumWZ q ¥?fGm q alhagoosUukimhpUJfih  ( !fCm q  (1( !3fGxjZ
z{duo{h	
  fCm q    xpZ@osnQZAt$hpacCZAelr?oQ EZYnufCxshjalmu-¯xjkCX nWxjkCnQZYxph{r ] ¥%A8fGecX(fGm ¡pC«fG®bdWQkibactUW¡=wkCnQkielZAXX(fagofGnunWelacZ q (¼ hxpZ@osdWelhjoacmhpUWZopdWn ¡
nWxjZAojosackCm-kGªhpUWZ¯xjZYZY¡=ifCxpagfGWecZ ]  j fCm q hjUWZ8acm?hjxpk q dJthpackCmkGSfmWZY X(fihpxjalv´ Q ¼ h§ago(opUWkim dJosacmW ufCopagtYfGececr T5UWZYk?xpZAX \ JZAelki8¥5fxpZ@osdue©hk?mPZYvbagoshpZYmJt$Z£kGnQkCecr}mukCX[acfCe3osk?eldWhpackCmuo¯k?x
nufCxjfCXZYhpZAxs¡ q ZYnQZYm q ZYm}h«¸º»¼{o«Z@o{hfGWecacopUWZ q alm \*hpUJfih«hjUWZ|nuxpZA}ackCdJoyX(fihjxpalv1¥?UWagtU q ZAnJZAm q o dWnJk?m(hpUuZ|xjZYX(fGacmWacmW
¯xjZYZ$¡ ifGxjacfCWecZAo] ]   ¢ 	Q ¢   ¥«X(f¦r¤QZ»osdWnunJk}osZ q nQkCecr}mukCX[acfCe5a©hjUPxjZAopnJZ@th[hpkhpUuZegfihphpZAxfGm q hpUWZAalxtYkCmiz{dW}fihjZAoAT5UWZAxpZY¯kCxjZC¥a©h[X(f¦rQZxpZAnWxpZ@osZAm}hpZ q br alhjot$kbZ¬t$acZYm}hX[fGhpxja©v1 T5UWago*mWZAt$k?muo{hfGm}h^X(fGhpxja©v1¥ q ZYmukGhpZ q ) ,+ ]  j ¥SaconWxjZAtYacopZYecr(hpUuZn 3   r ¡NhjU-X(fGhpxja©v§ifCxpagfGWecZalmhjUWZ¸º£¼>¨   Q _ kCX[Z-X(fGhpxja©v¤X(fGmWacnWdWegfihjalk?muonJZAxpX[alh^JmufGecelr hjkZ@o{hfGWecagosU hpUufGh ] acoZA­}dWacifGecZYm}hhpk ]  j    h[hjUWaconQkCacm?h@¥}fCmacm q dut$hpackCm q ZAX[kCmuoshpxfihjZAohjUufih
  fCm q    fGxjZ3Z@­?dualifGecZYm}h@ªT5UWago ZYm q oyhpUWZnWxjk}kC1kG1hpUuZ|ZA­}dWacifGecZYmutYZQZ$h{ ZYZYm  ( !*fGm q  (1( !¦ T5UWZ¬¨fCth5hjUufih|opkCecifGWacelalh{r(kG¨ «¯kCx@
alX[nWecacZAo hpUuZojfGX[Z¬¯kCx5egfGxjCZAx ifGecdWZ?¥ aco5k? hjfCalmWZ q f?o5f
br}¡=nWxjk q dut$h5kC  Q ¥WopZYZ8~ZAX[fCxp®M¬QZYecki8
 PRQ Wk?x 3 R ¢ Q	 ¢ 		 ¢ '?¥ q ZYumWZ-hpUWZnWxjkCnQZYxph{r ] fCo^¯kCececki3o	_Sax ¢ [M $ ¢ 8) ,+ j
 g  i j l ( P ¥ Q	 ¥8) + ]  g  ikjl ( -0/ 1 H /- H P ¥  np ]  j ¢ Q	 ¢   rOnD4/r2 i ] ¥
6 S   \ 		\B   ]  j \ N  / P 7 | !    ]5 ^ j 6  g  i   jl+b i j \ N   - H P 7 { ) ,+  6  g  i   j lDb ikj \ N   - H P 7
£ ]5 ^ j 6  g  i  lDb ikj \   ikj \ N   - H P87 { ) ,+  6  g  i  l+b ikj \   ikj \ N   - H P87"# 6    \mQ	\B   ]  j \ N  / P97  R  / P 
wyxjkCnQZYxph{r 
  xjalhpZAoF ¢ MK$ ¢  np/r  ¢ nu    \mQ	\    j \ N P r |   np    \ 		\B   j \ N P r R P fGm q alh3acohpUbduot$ecZAfCxA¥ acmbalZA kGS¸¹ZAX[X[f?¥bhpUufGh$ 
  ago5ZA­}dWac¦fCelZAm}hhpkDJ, ¥ufCm q hjk[hpUWZ8acmWalhpagfGe¹nuxpk?WelZAX  ( !i
 m^hpUWZkChpUWZAxSUufGm q ¥   agoQz{duoshShpUWZ3¸
º£¼¨,
acmhpUWZ3oshjfGhpZYX[ZAm?hykCQT5UWZAkCxjZYX W¥GZ$vWtYZYn hhpUJfihShpUuZX[fGhpxjactYZAo ) + ]fGxjZ8mWkCh3xpZ@o{hjxpagthjZ q hpkQZxjZAfCeN¥Wud hfGxjZfGececki Z q hjkJZ^t$kCX[nWecZ$v1 ¼¢mhpUWZ8¯k?xpX[ZAx|tYf?osZ?¥ hpUWZ*X[fGhpxjactYZAo0  QZYacmWxjZAfCehpUuZYX(osZAel?ZAoA¥uk?mWZ*X(f¦r§acm q ZAZ q f?opopdWX[ZalhpUWk?d heck?ojo3kCSCZYmuZYxfGeca©h{r?¥WhpUJfih|hjUWZ ) + ] fGxjZxjZAfCe
opr}X[X[Z$hjxpagt©_ kGhjUWZYxjagosZ?¥kCmuZ¬X(f¦r§tYkCmuopa q ZYx hpUuZYacx3xpZ@fGe1nufCxsh Q	 ¼¢mWxpacZ${¥%   agoUWZYmJt$ZZA­}dWacifGecZYm}h5hpkopkCec¦fCWacelalh{rkGaN,  h«hjUWago nQkCacm}hA¥balh hjU}dJo xjZYX(fCalmuoA¥}almk?x q ZYxyhjkf?tUWacZYCZ3hpUWZ¬nWxjk}kC¹kG  ( !@  (1( !i¥bhjk q ZAXk?muoshpxfihpZ|hpUWZ¬ZA­}dWacifGecZYmutYZ
QZ$h{ ZYZYm
  fGm q    ¼¢m hpUWZ-osZ@­?duZYe=¥ ZosUufCele«ZAoshjfGuelagosUhjUufih ]'&  ]  j  ¯kCx*fCmbr 3 f R ¢ 		 ¢ '¥hjUWacoecZAf q o5}r§alm q duthjalk?m-hjk[hpUWZ q ZAopalxjZ q ZA­}dWacifGecZYmutYZC  Q 3ki8¥
6 F   \ 	Q\    ]  j \ N  / P87 f 6 F   \mQ	\    ]   \ N  /21 H P97 np   ]  j \ N  / P r ¢
fGm q
np   ]  j \ N  / P r f ` N  / P ]  j np   ikj ]  j \ N  / P r c f ` N  / P ]  j(DN g  i j l  / P £ ]  j©n*)  ikj\ N  / P r,+ ikj n-  i j\ N  / P r c ¢ lnm¤olDp
UWZAxpZ¬hpUuZ8X[fGhpxjactYZAo)  1  T  ¥ -     T0j fCxpZ q ZYumWZ q br
)  c,def ` R jT g  ikjl RN  i j R g  ikjl Tj c ¢ -  cdef ` R g  i j l Tj c 
¼¢m q ZAZ q ¥Whpk[ZAoshjfCWelagopU§hjUWZ8nWxjZYbalk?duo5a q ZYm}hpalh{rC¥ua©h|opdFt$Z@o hpk[CZAxpal¯r(hpUJfih
( N g  ikjl  / P £ ]  j n)  i j \ N  / P r + nu   i j ]  j \ N  / P r f n-  ikj \ N  / P r ¢
UWagtU-ago3oshpxfGacCU}hs¯k?xp5fGx q ¥}fCoWn+N  ikj £ )  ikjru   ikj  f -  ikjG¥b¯kCx3fCm}r-t$kCX[nWecZ$v-m}duX*QZYx Q hhpUWagonQkCacm?h@¥xjZAtAfGece
hjUWZ q agoptYxpZYhpZ$¡=hpacX[Z[CZYxopalk?m»kGA8fGecX[fCm ¡pC«fG®bdWQki}agtU ¡ wkCnQki-ecZYX[X(fW[T5UWago¬¯dWm q fCXZAm}hjfGe
xjZAopdWe©h@¥1almua©hjacfCelecr q dWZ^hpk;C«fG®bdWQkibactU cJª¯k?x|hjUWZ[t$kCm}hjalmbdWk?duo{¡=hpacX[Z^tAfCopZC¥´UufCo¬QZYZAmf q fGn hjZ q hjk q acojt$xjZ$hjZhpacX[Z^br
_"AZY  fGm q A8fGecX[fCmc@ ZduopZ3hjUWZ¬oshjfGhpZAXZAm}h5f?o«ZYvbnuxpZ@opopZ q Z? J}acm
cC¬=S nWxpkbkC¹kG¹hjUWZxjZAopdWelh acmhjUWZ8t$kCX[nWecZ$v
tYf?osZNfGm q ¯kCx5hjUWZt$k?m?hjalmbdWk?duos¡NhjalX[Z8tYf?osZ«X(f¦rQZ¯kCdum q almI u¥uT5UWZAkCxjZYX CcC?lfGm q ~ZAX(fGxj®»CcC?l	=O«±     Q
 &	# ) ~ U T,U ¢ -I~ U T ¢ ` f ` | I~ g   Ul T g   U	l k dAYn+N U £  )r
	f R Y¬]6.$]YI4aW #S&	.#S&aY¬VUDU(1. 56&)&	 F(6hU&¬.# k
 ( ! S ©6©.$)74W
RU$  ` N U0n+N U £ )r i j - c | ` ` N U0n+N U £  )r ikj - c 
 (1( !%&0&¬&)& -,( !s#D! ) [ U !$ Z) #06#
RU     ( - ) + | ) ( - ) + £ ( RU,T NsU + | ) ( RU TNsU +  `  i
wyd hphpacmWZ f nuS£  r  ] VS¥ f  ] VS¥ ) f )  ikj \IN  / P ¥ - f -  i j \N  / P alm-hpUuZ¬nuxpZA}ackCdJo oshjfGhpZYX[ZAm?h@¥  Z¬xjZAt$k?CmWaYZ,_( - ) + f   ikj/\ N  / P ¢ ( RU T NsU + f   i j\ N  / P ¢
fGm q hjUWacor}acZYe q o[Z@­?dualifGecZYmJt$Z£kG  ]  alhpU _ F]h ¢  M $ ¢ 8) + j }g  ikjl ( P ¢ Q	 ¢ 8) ,+ ] xg  i j l ( -0/21 H /- H P ¥ nu ]   ¢ Q	 ¢   rOnD4/r2 i ] ikj ¥ ) ,+ ]  j nu ]   ¢ 	Q ¢   r g  i j l  / P ¥
6     \ 		\B   ]   \ N  /21 H P97 | !    ]5 ^ j 6  g  i   j l+b ikj \ N   - H P87 { ) ,+  6  g1 i   jl+b ikj \ N   - H P87
£ ]5 ^ j 6  g  i  l+b ikj \   ikj\ N   - H P$7 { ) ,+  6  g1 i  l+b ikj \   ikj/\ N   - H P97 "# 6 S   \ 	Q\B   ]   \ N  / 1 H P87 6   i j \ N  / P 7 { ) ,+ ]  j 6   i j \ N  / P 7 £ (   ikj \ N  / P + { ) ,+ ]  j (   ikj \ N  / P +  R  / 1 H P  sA   Q T5UuZ mWZYvbhoshpZAn^t$k?muopacoshjoªacm^fCojopal?mWalmu|nQkCecr}mukCX[acfCeC¯k?xpX!hjk ) ,+ ]  j¦T5UWacoªago q kCmWZ alhpU^hpUWZ UWZYecnkGWhjUWZ«¯k?eleckiacmWCZAmWZYxfGe´xjZAopdWelhA¥ QkCxjxpki Z q ¯xpk?XG \=
 ±b¶  ±   Q  330!	&  
¢  j¢ 		 ¢  U 6©&%)s.0#p(1.0 0© "!a']6s33 (1. 5©!]*&D-. &s* (1. 6[tYkCX[nufCt$h)!$ 0¬!	&¬# ?Y [W 6.4*#26©(1. 5?6hU 0&$!(1.  P kdnY WRY¬©)6.:TW#S&	&7&E-,( !$#+!a6]!	hU F#D(+©.%nr  U #u]#S& 3066©']&	#u&	 *&230&¬. *&	.0# 
 " d
  U ¢ 7n ¢ r c,def  
©n!r  kj aj©nr  Q	  FU @UFnryR ¢ sC
#S&	.
#S&	&& -,( !s#D!68nQkCecrbmWkCX[agfGeRYs F.g)¬#p(+.! "   U W!$ Z)#S6©#AWZY¬©)6.:TWN7n#nr ¢ ryR k i
¤¥¤§¦©¨Fª¬«$­$®
3kChpagt$Z*hpUufGhfCm}r¸º»¼ q ZYnQZYm q almu§dWnQkCmf(umWalhpZmbdWX*QZYx¬kG optAfGegfGx3nufCxjfCX[Z$hpZAxjo|X(f¦rQZ*nud h¬dum q ZYx¬hjUWZ¯k?xpX{?$= rduosZ kGWhjUWZ nWxpZAbalk?duoxjZAopdWelhA¥ ) ,+ ]  j np ]   ¢ 		 ¢   r¥GQZYacmW¬opkCecd hjalk?mkGuf¬¸º£¼1alhpUnufCxjfCXZYhpZAxacmhpUuZ tYkCX[nufCt$hopZ$h)np4r  i ] ikj ¥´X[f¦rQZ^tUWk}osZAm30VU. '7(+6VU«acmMalhjoifGxjacfCWecZAo|fCm q hjUWZYacx¬tYkCmiz{du?fihjZAoA¬¸Z$h k£  QZ^alhjo q ZACxjZYZ?|¼ 
  {¥bhpUWZAmkCmWZX(f¦rxja©hjZ
) ,+ ]  jnu ]   ¢ Q	 ¢   r f 6 F  i j  \ 	Q\    i j ]   \ N g  ikjl  / P87 | ) ,+ ]  j 6 S  ikj  \ 		\B   ikj ]   \ N g  i j l  / P97 ¢ s@,
¯kCx3f[tYZYxphjfGacmt$kbZ¬t$acZYm}hX(fihjxpalv ) ,+ ]  j ; g  ikjl ( -0/+ / P 
 hpUuZYxjacopZC¥y Z£osUukimWki hjUufih@¥ dWn hjkfCmPacmut$xjZAf?osZkG¢¥«hpUWZ q ZACxjZYZX[f¦r JZ£opdWnWnQk?opZ q hpUWZ£ojfGX[ZC¥ oskhpUuZ
nWxjZYbackCduo ¯kCxjX*duecf[oshpacele¹UukCe q oYukCx5hpUuacoA¥WecZ$h3duo5¯k?xpX¥b¯k?x f  ¢ Q	 ¢ 3¥bhpUWZ8X(fihjxpagt$Z@o
)  j +  c,def   56?7e9<;:=6?>A@8B6?>DCE@ 7GF:H @ J J J @  - H6 7 9<; =68> - H @ B6?> - H CE@ 7GF  @ J J J @ (
n?  \mQ	\K"j\ N	P0r { ) ,+  n8  \ 	Q\K"j\ N	P0r ¢
fGm q
)  j + ]  j cdef  ]  j 56?7e9 ; =6?>A@EB6?>nCE@ 7GF:H @ J J J @ /6 / 1 H 9<;e=6?> - H @EB68> - H C
n? ]  j\ 	Q\K"j\BN	P0r { ) ,+ ]  jn8 ]  j/\ 	Q\2Fj\ NQP0r  sA 
= rtYkCmuoshpxjdut$hpackCm¹¥ªhpUuZ§X(fihjxpalv )  j + ]  j(UufCo*hpUuZ-ojfGX[Z q ZACxjZYZ £  alm  ]   ¢ 	Q ¢   ¢  ]   ¢ 	Q ¢   hpUufCm ) ,+ ]  j¦EZYmWkChpacmW*¯k?xosUWk?xsh  hpUWZecZ$ hs¡ UufCm q opa q ZkCWsA,«fGm q    j3hpUWZfGmufCelk?CdWZZ$v nWxjZAojosackCm¥CkCWhjfGacmWZ q alhpU-hpUWZ q Z$JmWa©¡hpackCmJo3kG )  j +  ¥ f  ¢ Q	 ¢ 3 fCm q )   j + ]  j CacCZYm»fCJki?ZC¥QfGm q alhpU£hjUWZ q Z$umWalhpackCmMkGa  j CacCZAm£almBN,$¥Q ZacelemWki osUWki hpUufGh
   j f  ]  j 5 7	
 > + > +	 ^ j + + ]  j n? ]  j\ 	Q\2Fj\ NQPr {   n8 ]  j\	Q\2Fj\ NQP0r  sY\"ªalxoshA¥bhjfC®balmW[acm}hpkfCtAt$k?dWm}h hjUWZ¨fCt$hhpUufGh ¥ ¢T     j f     j¢   N  j f N    ¢   N  j f N    ¢ sJ,
kCmuZ¬?Z$hoY¥b¯k?x<)  j +  q Z$umWZ q nWxpZAbalk?duosecr _
n  g  i   jl+b \ N g  jl  - H P r { )   j +  n  g1 i   jl+b \ N g  jl  - H P rf   56 7 9<;e=68>n@ B68> C @ 7GFIH @ J J J @  - H6?7 9<;:=6?> - H @8B6?> - H C @ 7<F  @ J J J @ (
n  r { n  r { ) ,+  n8  \ 	Q\K"j\ N	P0rsn  g1 i   jl+b \ N g  jl  - H P r
f   5 7
 > + > +	 ^ j + +  n  r { n  r { ) ,+  n  g 
i   j lDb ikj \ N   - H P rn?  \mQ	\K"j\ N	Pr  sA 
?3ZAxpZfCm q acm-hjUWZ*opZA­}dWZAeN¥uhpUWZ q kGhjo3almhjUWZ8¯kCxjX*duecf?oo{hfGm q ¯kCx|hpZAxpX(oZAmuosduxpacmWhpUWZ^osrbX[X[Z$hpxjr§kChpUWZZYv nWxpZ@opopackCmuoA¥
fGm q UWactU»fCxpZmWkCh|xjZYnQZAfihjZ q ¯k?x|opfC®CZ8kCSopnuf?t$ZC5T5UWZ*ojfGX[ZfCxp?dWX[ZYm}h|fGnWnuelacZ q hjk(hpUWZhpZYxjX(on  g  i  l+b ikj \   i j\N   - H P r { ) ,+  n  g  i  lDb ikj \   i j \BN   - H P r3acmB{@, ¥´opUWki3ohjUufih¯kCxjX[fCelecrC¥QQkGhpUMX[f¦rQZhjxpZ@fihpZ q fCo|hpUWZ*hpZAxpX acm  ¨f?o ¯kCxjX*dWegf{@, aco ¯k?xpX(fCelecra q ZYm}hpagtYfCe´hpk[hjUWZ8xpZAecfGhpackCmI¨, ecacmW®balmW*  fGm q   j $
lnm¤olDp
Z¬X(f¦rmuki t$k?muosa q ZAx3fGece´hpkC?Z$hjUWZYx hpUuZhpZYxjX(o5dWm q ZAxWxfCt®CZYhjo alm sA, ¥WxpalhpacmW¯kCxopalX[nWecagt$alh{r§kCmuelr[hjUWZhpZAxpX
acm  y3xjCdWacmW[fCo5acm PXQ ¥ k?mWZ8osUuki3o5ufCopZ q kCm-¯kCxjX*dWegfCoWN,5fGm q D<, ¥WhpUufGh¯kCx3fGmbr;7InD4/r -¥
6 S  j  \ 		\B   j ]   \ N  /21 H P87 |   j 6 S  j  \ 		\B   j ]   \ N  /21 H P87
f   5687:9<;e=68>n@EB68> C @7GF:H @ J J J @ (
6  7
| n  r {   n?  \ 		\2 j \ N P r 6 F  j  \ 	Q\    j ]   \ N  / 1 H P 7
f   56 7 9<;e=68>n@EB68> C @ 7<F:H @ J J J @ /21 H 7 9<; ?@ H CE@ 7GF / 1  @ J J J @ (
b   b  ( Q	 b  ]   b  /21  6  7 |   6 F   \ 	Q\    ]   \K ]  j\ 	Q\2Fj\ NQP 7
f  ]  j 5 7 
 > + >  +	 ^ j + + ]  j
6
 7
|   6     \ 		\B   ]   \K ]  j\ Q	 "j\ N	P 7
f  ]  j 5 7 
 > + >  +	 ^ j + + ]  j n  r {
6  7
|   6 S   \ 		\B   ]   \ N  /21 H P 7 n8 ]  j\ 		\2Fj\ N	P4r
¼¢mkCx q ZYx hpk[Z@o{hfGWecacopU{Y\" ¥ alh3mWki xjZYX(fCalmuo hjk[tYkCmuopa q ZYx hpUuZ8ecf?o{h5h{ k*hjZYxjX[o5kCa{A  ¥ acmbCkCecbalmu ) + ]  ji|opalmu{J rbalZAe q o
6   \ N g  jl / P 7 { )  j + ]  j 6   \ N g  jl / P 7
f  ]  j 5687e9<;e=68>n@EB68> C @ 7<F:H @ J J J @ /6 /21 H 9<; =68> - H @8B6?> - H C
(  + { n  r { ) ,+ ]  j n? ]  j \ 	Q\2 j \ N P r 6   \BN g  jl / P87
f  ]  j 5 7
 > + > +	 ^ j + + ]  j n  r { (  + { ) ,+ ]  j
6   ikj \ N  / P 7 n8 ]  j \ 		\2 j \ N P r ¢
fGm q f(tYkCxjxpZ@osnQkCm q almW^a q ZYm}hpalh{r§UWk?e q o ¯kCxn   \ N g   j l / P r2{ )  j + ]  j n   \ N g  jl / P rªalmJfGecelr?¥@nud hshjalmWhpk?CZYhpUWZAx¹hpUuZ«nWxjZYbackCduo¹hpZAtUumWactAfGe q ZY?ZYeckCnWX[ZAm?ho¹Z@o{hfGWecacopUWZ@o¹a q ZYm}hpalh{rY{A\ $%WxjkCX hjUWaco
a q ZYm}hpalh{rC¥
kCmuZ q Z q dutYZAohjUufih  jL RUWZAmWZY?ZYx    RS_fmuZYosk?eld hjalk?m^kC8{A 
X[f¦rhpUbduoSQZ3t$k?muo{hjxpdJthpZ q ¥CalhpUYJxjZYnWegfCtYZ qbrI x ¥
fGm q ¯k?x8UWagtU )  j + ]  j[UufCo8tYelZ@fGxjelr£hjUWZojfGX[Z q ZY?xpZAZ  £  acm hpUuZ(¦fCxpagfGuelZ@oa ]   ¢ 	Q ¢   fCm q hpUWZAalxt$k?miz{dW}fihpZ@oyhjUufGm ) ,+ ]  j)¨opZYZ¯kCxjX*duecf;{A  $?3ZYmJt$ZC¥bk?mWZ¬tYkCmutYeld q ZAo hpUJfihA¥ dun§hjkfCm§acmut$xjZAf?osZkG{¥bhpUWZAxpZ¬aco mWkeck?ojokGCZAmWZYxfGecalh{racm£fCojosduXacmWhpUJfih^ f 
acmhpUWZ q Z@t$k?XnQk?opalhpackCm{@, kG ) ,+ ]  ji

§±  W PRQ 3,3XU(1."5#S&3 & (+ "!^6©D5 F']&	.0#%#uan   r34&¬!8#S6#!	VU 6,¬(DU(1# 78Y¨,8(1'83gU(+&¬!@#0& !	6©']&3430&¬$# Y¬#0& U6©D5,&	6VU 0&¬!?Y#S&(1.4*,&E-:k
T
k osdWX[X(fGxjaYZC¥5alh§Uuf?oQZYZYm Z@o{hfGWecagosUWZ q dWm}hpacemWkihpUJfih  ]  agoZA­}dWacifGecZYm}h(hpk_ F;  ¢  M $ ¢ 8) ,+ j g  ikjl ( P ¢ Q	 ¢ 8) ,+ ]  j [g  ikjl ( -0/¡/ P ¥  nu ]   ¢ Q	 ¢   rOInD4/r  i ] ikj ¥
R  / 1 H P   6 F   \ 	Q\    ]   \ N  / 1 H P 7 | !    ]5 ^ j 6  g1 i   jl+b ikj \ N   - H P 7 { ) ,+  6  g  i   jl+b i j \ N   - H P 7
£ ]5 ^ j 6  g  i  l+b ikj \   ikj\ N   - H P$7 { ) ,+  6  g1 i  l+b ikj \   ikj/\ N   - H P97 "# 6     \ 	Q\B   ]   \ N  / 1 H P87 6   i j\ N  / P 7 { 6 S  ikj  \ 		\B   ikj ]   \ N g  i j l  / P 7 | ) ,+ ]  j 6 F  i j  \mQ	\    i j ]   \ N g  ikjl  / P 7 6   ikj\ N  / P 7£ (   ikj \ N  / P + { 6    i j  \mQ	\    i j ]   \ N g  ikjl  / P87 | ) ,+ ]  j 6    ikj  \ 		\B   ikj ]   \ N g  i j l  / P87 (   ikj \ N  / P + 
¤¥¤§¦©¨Fª¬«$­$®
  Q ¼ h8xpZAX[fCalmJo|mWki!hjkf?tUWacZYCZosk?X[Z^X(fihjxpalv£alm}hjZYxjCZYxphpackCmJo3acmMhjUWZ^egfCosh¬h{ k§hpZYxjX(o¬kGyhjUWZ[nWxpZAbalk?duo3acmWZA­}dufCelalh{rC
|opacmWhpUWZ¯k?eleckialmu^¯k?xpX^dWegf;¨kC hfGacmWZ q alhpUhpUWZ8UuZYecnkCa+<,$_
6    i j  \ 	Q\    i j ]   \ N g  ikjl  / P 7 6   ikj\ N  / P 7f 6 N g  i j l ( -0/- H \   i j \ N  / P 7 6 S  ikj  \mQ	\    ikj ]   \ N  /21 H P 7
f 6  g  i ] l+b i j \ N  / P87 6 F   \mQ	\    ]   \ N  /21 H P87 ¢
fGm q opalX[acecfCxpecr _
6 S  ikj  \ 		\B   ikj ]   \ N g  i j l  / P 7 (   ikj \ N  / P +
f 6  g  i ] ikjl+b i j \   ikj\ N  / P87 6 S   \ 	Q\B   ]   \ N  / 1 H P87 ¢
kCmuZ[umufGececrMnWxjkiCZ@o¬hpUufGh ]  ago8Z@­?dualifGecZYm}h8hjk0_ S@m ¢  M $ ¢ 9) ,+ j  g  i j l ( P ¢ 	Q ¢ 9) ,+ ]  j  g  i j l (.-0/  / P ¥ nu ]   ¢ Q	 ¢   rOnD4/r2 i ] ikj ¥
6 S   \ 		\B   ]   \ N  /21 H P 7 | !    ]  j5 ^ j 6  g  i   j l+b ikj \ N   - H P 7 { ) ,+  6  g1 i   jl+b ikj \ N   - H P 7
£ ]  j5 ^ j 6  g  i  l+b i j \   i j\ N   - H P87 { ) ,+  6  g  i  l+b i j \   i j\ N   - H P87"# 6 F   \ 	Q\    ]   \ N  / 1 H P87  R  /21 H P 
 mWZ8xjZAtYkCCmuaAZAo5nWxjkCnQZYxph{r ]  j   ¼¢mkGhjUWZYx| k?x q oA¥% ]'&  ]  j  ¯k?x|fGece 3 f R ¢ Q	 ¢ ' £  ¥uopk
 '&    T5UWago3fCtUualZACZAo«hpUuZ8nWxpkbkC
kGST5UWZAkCxjZYXW




i8 )+	W"$#%  "'(*)+	$"$
¼¢m hpUWZopfCXZ¨f?osUWackCm hjUufih(hjUWZ£xpZ@osdue©ho(brP¸f?opopZYxjxjZ-fGm q wSfCxpxjaleck¤fGxjZ£t$eck?opZYecr xpZAecfGhpZ q hjk¤xpZAnWxpZ@osZAm}hjfihjalk?m xjZAopdWelh
¯kCxnJk?elrbmWk?X[acfCecoaNfCoosdWX(o|kGyop­}dufCxpZ@o$¥JT5UWZAkCxjZYX\acoosdJo{hjZYm q Z q brf[xjZYnuxpZ@osZAm?hfihjalk?mxjZAopdWelhA¥u¯kCx|X(fGhpxja©vb¡ ¦fCelduZ q
nQkCecr}mukCX[acfCeco5kCªtYkCX[nWecZ$v§ifGxjagfGWecZAoA
 ±b¶  ± oQ
 &¬#XYs F.X)	#D(+©. 7nu r  ~    P s&30VU .4'7(+6VU?Y)*&u5©&& $)£  (1.[ ¢ IW 6©.4*!s Z)#S6©# 7np4r  ¢ ]nu r yRP S&	. W¥#S&	&^&E-,( !$#6©.Y(1.0#2&u5,&	MK$XW%63nJk}osalhpacCZ q Z$JmWa©hjZa'6#p$(-   [ ( P W6. * ' 30VU. '7(+6VU!8'6#p$(A)s&$! ) ] np ¢  r#26©(1. 5?6hU 0&$!(1.  P W!$ Z) #06#  )~  W
7nu r f \]_^ j n ab  ] b  r  i #
 np   \ 		\B   j \ N P r |   np   \mQ	\B   j \ N P r  5 ]_^ j n  £ b  ] b  r ) ] np ¢ ,r 
ij ?YkT5UWZAxpZ(ZYvbagosh*fGm alm}hjZYCZAx $fGm q  #   #( P ¥osdJtUhjUufih 7np"rmuf¦rMQZxjZYnWxjZAopZYm}hpZ q ¥1¯k?x*fGmbrIIy~z¥ªf?onp  # \	QD\   #j \N P r |  # np  # \		D\;  #sj \YN P r|xp?dWacmW¬f?oalm^hpUuZnWxpkbkCJkG´T5UWZYk?xpZAX ¬fGm qq Z$JmWalmu  ; 4( P ¥0M $´¥f?oalm ¨  ¥
kCmWZ(opUWki3ohpUufGh  
 nD4/r2¥ np"r  R P ( Y 6©.4*
©.ZU( Y¤hpUWZAxpZ[Z$v ago{h@  fGm q ' X(fihjxpagt$Z@o
) ,+ ] [g  ikjl ( -0/ 1 H /- H P ¥93 f  	Q '¥uosdJtU§hjUufih
  c,def    5 ] ^ j 6  g  i ]  j lDb i j \ N  /- H P87 { ) ,+ ] 6  g  i ]  jl+b ikj \ N  /- H P97£ 5 ] ^ j 6  g  i ] l+b i j \   ikj\ N  /- H P 7 { ) ,+ ] 6  g  i ] l+b i j \   ikj/\ N  /- H P 7 yR  ( P lnm¤olDp
¨tYkCX[nufCxpZ8alhpU N, $ ~3al?U?hp¡=X^dWelhpacnWelrbacmWfGm q ecZ$ hp¡=X^dWelhpacnWelrbacmWu¥´fCo3almhpUuZJZACacmWmWacmWkC
hjUWZnWxjkbkGkGyT5UWZYk?xpZAX ¥
QkGhpU£opa q ZAo5kGªhpUuacoacmWZ@­?dJfGeca©h{rbrnu    \mQ	\    j \ N	P4r fGm q a©ho5hpxfGmJoptYkCmiz{dW}fihjZrbacZYe q oY¥b¯k?x3fGmbr;7~z¥
np   \mQ	\   j \ N P r |   np   \mQ	\   j \ N P r f nu    \mQ	\    j \ N P r |   np    \ 		\B   j \ N P r 5 ] ^ j n  £ b  ] b  r$np   ikj  \	Q \   ikj ] \
   ] i j \ 	Q\  j \N P r | ) + ] np   ikj  \Q	 \   ikj ] \   ] ikj \Q	\   j \N P r 
|opacmW¯kCxjX*dWegfp© acm¸¹ZYX[X(f¬hpUWZAmnJZAxpX[alhjo5hjkZAm q hpUWZ8nuxpkbkGªkGT5UWZYk?xpZAX J 
  . 80#-¹,3)+	$%54-	ª  ª*78ª^)9)+	$-7
3nunWelagtYfGhpackCmkG«T5UWZAkCxjZYX [hjk§xjkCWduosh¬opZYX[a q Z$JmWa©hjZ^nuxpk?CxfGX[X[almW§nWxpk?WecZYX(o3ago q alxjZAt$hA¥ q dWZ^hpk§hpUWZ^¨fCt$hhjUufih¬hpUuZ
t$kbZ	(tYalZAm}h5X(fGhpxjactYZAo q ZYumWZ q acm ¨, fCxpZ¬hpUuZYm£f(mWZalhpU£xjZAopnJZ@th5hpkhpUuZ q ZAtYacopalk?m-ifCxpagfGWecZAoA
T5UWZ¬uxo{h3fCnWnWecactAfihpackCmt$k?mut$ZAxpmJo5xpk?Wduosh ¯Z@fCopalualeca©h{r?
 ¶  ¶ # #N  ² Q(
 &¬#R 
 ¢ aj ¢ Q	 ¢ @U]s&30VU. '7(+6VUS'63,34(1."5! z   P ?Y *&u5&s&@6©# ']!$#R$£  (1. &6 )  6©$(+6 U&<k7&+-/.4&W#S&	(1T)&+,)	(+&¬.#O'6#p$(A)s&$!3 
 +  Woaj +  W 	Q W@U +  W¥MK$XW/s3S&	6©#D(+©.S!W!$(1')(DU6©#u¯\ 6.4*IN,Gk S&	. W#S&Y¬VUDU (1. 56!s!¬&	$#p(+.S!6©&3Z@­}dWalifCelZAm?hVk
 ( ! &0&¬&)& -,( !s#D! 1 U !$ Z) #06#
7n# ¢ r cdef  




 +    j  j +   	Q   U  U +   5 ] ^ j 6  g  i ]  j lDb i j \ N  /- H P 7 { ) ,+ ] 6  g  i ]  jl+b ikj \ N  /- H P 7
£ 5 ] ^ j 6  g1 i ] lDb ikj \   ikj\ N  /- H P97 { ) ,+ ] 6  g  i ] l+b i j \   ikj/\ N  /- H P87  R  ( P  s
"
&s&	fW/( Y#"( ! 
 " da( !>!	hU6,U& Y¬#S&(1.4*& -] W#S&	.(1# ( !a6hU!	!	hU6,U&aY¬©)6.:%U6p5,&	(1.4*,&E-:k iT5UWZnuxpkbkGkG  k?xpk?elegfGxjr(ago3acXX[Z q acfGhpecr q Z q dutYZ q ¯xjkCX T5UWZYk?xpZAX W T5UWZ*ecfGhshpZAx|xjZAopdWelh|nWxjki}a q Z@ofosZ@­}dWZYmutYZ
kG ¯X[k?xpZ8fGm q X[kCxjZnWxjZAt$agopZ almumWZYx3fCnWnWxjk¦vbacX(fihjalk?muo«kC
hjUWZopZ$h    a :£ )  ¢ 7n# ¢ r  R,P }
T5UWZ^mWZ$vbh¬fCnWnWecactAfihjalk?mMt$k?mut$ZAxpmuo3xpk?WduoshZYifCeldufGhpackCm£kCyhpUWZ^ k?xjoshs¡¢tYf?osZ8k?n hpacX*duX dum q ZYx¸º»¼3t$kCmJo{hjxjfCalm}hA>Wk?x
fGmbrnQk?opalhpacCZalm}hjZYCZAx8¢¥ q ZYumWZ     4( br4_
  j c,def   5687:9<; =68>n@ B68>nCE@7GF:H @ J J J @ (
n8  \ 	Q\K j \ N P r {   n8  \ 	Q\2 j \ N P r ¢  j cdef  
 ¶  ¶ # #N  ² Q(
 &¬#  
 ¢ aj ¢ 	Q ¢ @U  ez   P W &¬!D3ok 
 ¢ 	Q ¢ U  :  aW s&83ShU.4©')(+6hUz']6s334(1."5!?Y7*&u5©&&6#^']!$#$£  (1. &s6) 6$(+6 U&Gk 7&D-.4&Y#0&¬(1*)s&A+2)¬(+&	.0#>'6#p$(A)&¬!T 
 +  Waaj +  W 	Q W@U +  W@&¬!p3 k 
 +  W	 j +  W 	Q W U +  W¥MK$ok 
 &	#
 n ¢ r c,def  
 nr   j  j n!r  Q	   U  U n!r W/6. *Y*&D-. &W#0&W430!s!$(+U (1.Q-.(1#u&W )s.S!$#26.#+!  6.4*  WNM2$XWO0
  c,def      U ¢  :£ )  ¢ 7n# ¢ r R,P ¢  n ¢ r    ¢
  c,def       U ¢  n ) ,+ ] ¢  ,+ ] r  g  ikjl ( -0/ 1 H /- H P X  g  ikjl ( -0/ 1 H  /- H ¢ 3 f  Q	 ' ¢!$ Z) #06#as©6.4* {Q< <ShU*  ¢
¤¥¤§¦©¨Fª¬«$­$®
 S&	&
   £  
 +  £  j  j +  £y		£  U  U +   5 ]_^ j 6  g  i ]  jl+b i j \ N  /- H  7 {  ,+ ] 6  g  i ]  j lDb i j \ N   /- H 7
£ 5 ]_^ j 6  g  i ] l+b i j \   ikj/\ N  /- H 7 {  ,+ ] 6  g  i ] l+b ikj \   i j\ N  /- H  7 yR  (  sQ< 
S&	. W#S&a!	& 	 0&	.X)s&   W%/M,$gW( !W. .(1.X)	&s6!$(1. 5[6. *Y(1#D! U:(1')(1#( !&¬ 06hU #u   k ij ?Yk|Z§fCojosduXZhjUufih^fCeleyhpUWZtYkCmuoshjfCm?ho   ¥  ¥z&M $´¥
fCxpZ[umua©hjZC¥ªkGhpUuZYxjacopZ¯ZAfCopacWalecalh{r q kbZAomWkGhUWk?e q fCm q
 kCxjkCecegfGxjr[[fCnWnWecalZ@oY
T
k-opUWki hpUufGh   M   ¥  M"$´¥´ Z*duopZ*hjUWZ^ojfGX[Z*hpZAtUumWac­}dWZ@ohpUufCm£hpknWxjkiCZ  (1( ! @  ( ![almMhpUWZQZYCacmWmWacmW-kG
hpUuZnWxjkbkG¹kCT5UWZYk?xpZAX S_
xjacCU}hs¡ X*dWelhpacnWecr(fGm q ecZ$ hp¡=X^dWelhpacnWelr(acmWZ@­?dJfGeca©h{rs©@¯xjZAopn¹k{<, «br[nu    \B		$\I   j \
N	P4r¯xjZAopn¹knu    \ 	Q\    j r 5fCm q a©ho hpxfGmuojt$k?miz{dW?fGhpZ?¥?hjk(kC hfGacm _  7~z-¥
R P  npS   \	Q\    j \ N P r | n  
 +    j  j +   	Q   U  U +  rsnpS   \ 	Q\B   j \ N P r 5 ]_^ j n  £ b  ] b  rsnp   ikj  \B	Q\I   i j ] \   ] ikj \B	Q\I   j \
N P r | ) ,+ ] nu   i j  \ Q	\I   ikj ] \I   ] i j \ Q	\I   j \
N P r
fGm q
R  npS   \ 	Q\    j \ N	Pr | n    £  
 +  £  j  j +  £ 		£ SU U +  r$npS  \ 		\B   j \ N	Pr 5 ] ^ j n  £ b  ] b  rsnuF  i j  \mQ	\    i j ] \B   ] ikj \ 	Q\B   j r |  ,+ ] npS  ikj  \mQ	\B   ikj ] \    ] ikj \ 	Q\    j r 
TªfG®balmu b  ] b f  ¥83 f  ¢ 	Q ¢ '¥ufCm q dJosacmW(¸¹ZAXX(fCacCZ@o umufGececr4_ ):£ )  ¢  
 n!r   j  j nr  Q	   U  U nrayR P ¢  
 n!r   j  j nr  Q	   U  U nr    
T5UbduoA¥b¯kCx3fGmbrxjZAfCe ª¥ M   acX[nWecalZ@o hpUufGh  M   ¥WfGm q hjUWagonWxjkiCZAo«hpUJfih   M   º£k?mWkGhjkCmbr(kGªhpUWZopZA­}dWZAmut$Z   ¥4/MK$´¥Wagok? hjfCalmWZ q br-duosacmW[hjZAtUWmWag­}dWZAoopacXacegfGxhjk^hjUWZnQkCacm}h  Q acm-hjUWZnWxjkbkGkGST5UWZAkCxjZYXS_ykCmWZopUWki3o hjUufih@¥Wa© n  ¢  ¢ ) ,+ ] ¢  ,+ ] r5t$k?muoshpalhpd hjZf(osk?eld hjalk?m-kC{©¥{Q< ¥WhjUWZYmn  ¢  ¢ )  j + ] ¢   j + ] ropkCecCZAo hjUWZopfCX[Z¬acmWZ@­?dJfGeca©h{ralhpUacm q ZYv   ¥ UWZAxpZ
)  j +  cdef   56 7 9 ;e=6?>A@8B6?>DCE@ 7GFIH @ J J J /- H6?7 9<;:=6?> - H @8B6?> - H C @ 7<F / @ J J J (
n?  \mQ	\K"j\ N	Pr { ) +  n?  \mQ	\K"j\ N	Pr ¢
   j +  c,def   56 7 9<;:=6?>A@8B6?>DCE@ 7GF:H @ J J J /- H687:9<;e=68> - H @EB6?> - H CE@ 7GF / @ J J J (
n?  \ 		\2Fj	r {  +  n?  \ 	Q\K"j	r 
T
k-opUWki umufGececrhpUufGh   hpZAm q ohpki5fGx q o   ¥´ecZ$h  xRWW= rhjUWZ^?ZYxjr q Z$umua©hjalk?mMkG   ¥QhpUuZYxjZ*Z$v ago{ho   UopdutU§hjUufih
 :£ )  ¢ ` 7n ¢ r RPTjR jTFP     £  n ¢ r c yRP  j 
 kCxjkCecegfGxjr*hpUWZAm-ZAmuopdWxpZ@o«ZYv acoshpZAmut$ZkGªf^opkCecd hpackCm§hpk{© ¥ sQ< yalhpU     almJo{hjZAf q kG ª¥}¯kCxft$ZAxshfGacm§ifGecdWZ¬kG M$´@ukCx3hjUWago|ifGecdWZkCOSfGm q JZArCkCm q ¥Jk?mWZUuf?o        ¥Qopk       @WxjkCX hjUWZ*nWxjkCnQZYxphpacZAo3kGShpUuZopZA­}dWZYmJt$Z   nWxjZYbalk?duopelr q ZYX[kCmJo{hjxjfGhpZ q ¥ukCmuZ*t$k?mut$ecd q Z@ohpUJfih    f   ¥QfCm q hjUWaco|ZYm q o3hjUWZnWxjkbkGSkG  k?xpk?elegfGxjrb
lnm¤olDp
      %-	
Z|acm q agtYfihjZUuZYxjZ3UWki hpk^kC hfGacm q ZAtYkCX[nQk?opa©hjalk?m
¯\" SmufGhpdWxfGeJxpZAnWxjZAopZYm}hjfGhpackCm[¯kCx fX(fihjxpalvb¡=ifCeldWZ q nJk?elrbmWk?X[acfCe7nr  z   U TFP ago
7nr f   n!    \ 		\    j \ N	P4r ¢ sA 
¯kCx5f*tYZYxphjfCalm(X(fihjxpalv     U"T ( P ST5UWZZ	9QZ@th kG¹hjUWZtUufCmWCZ|kGifGxjagfGWecZ¯\"SagoyhjUWZYmosduXX(fCxpaYZ q br¸ZYX[X(f<WO«±   oQ
 &	#/   U T 4( P WO#0&¬.
   `     c    \ 	Q\ ` j j c   \ N	P f nuF   \ 	Q\    j \ NsU r |   nuF   \ 	Q\    j \ N	Pr ¢
 S&	&#0&a'6#p$(-   1 4( U T 4( P ( !@5©(&	.IY#0& Y¬©$') eU6
  cdef 5
  /   ikj n	 ,+  ( \mQ	\
 ,+  H \ NsU r {   n# ,+  ( \mQ	\  +  H \ N	Pr ¢(1.  F(A) 
 #0&]']6©#D$(A)s&¬!  +    T  6& *&D-. &s* 0]n  ,+  r ] + ] i  f  i ]  j t ] i j W*(1#t ] cdef ]  g ] i  l  ( Y 3&M M}ReWt ] f R
©#0&¬ ( !	& #0&'6#p$(A)&¬! +   jT  6©&)*,&+-/.4&s* 0 ,+  f ( R jT   R jT g  i  ikjl + k ij ?Yk 
 mWZX(f¦r§tUWZ@t®(hpUufGh  ,+  q ZYumWZ q acmhpUWZoshjfGhpZYX[ZAm?hago3opdutU§hjUufih  ~ ¥`    c    f  ikj5 ^ 
   ,+  0   
T5UbduoA¥
   `   "  c    \ 	Q\ ` j j c    \ N	P
f 5
  /   i j   Hj Q	   (   n# ,+  ( \mQ	\  ,+  H r$npS  \mQ	\   j \ NQPr 
T5UWZtYkCmutYelduopackCmhjUWZYm¯k?elecki3o ¯xpk?X hpUuZ¨fCthhjUufih  [~ ¥%  f     j  f  ,+       "!$#%&!$'(!$*)
T5UWZfCd hpUWk?x8 k?dWe q ecal®?Zhpk£Z$v nWxjZAojo¬UWago8Cxfihja©hjd q Zhpk»¸«,+ye-¬UufCkCdWa¯k?xhpUWk?xpk?dWCU q agoptYduojosackCmuo¬k?mhjUWZ­}dWZAoshpackCmJo





º£¼{o3acmMt$k?m}hpxjkCe¹hjUWZYk?xpr?¥  d  "10"© F$.46hUz©. 2.#DVU6.4*3 34#p(1'7(54Q6©#D(+©.   muk(\u¥1@G\u Q@CG\
Ã76^0=5fGegfG®bxpagopUWmufGm¥b¸«6yfCm q ZYmbQZYxjCUWZ=GC?,$  &	')(+*,&+-/.0(1#2&3 56©')'7(1. 5* 06hU(1# [6. *%U(1. &s6a#p(1']&2(1.$6$(+6©.0#! !$#u&	')!¥Zd98&8&8 F6©.S! k.   F#u©']6©#D(A):2.0#phU   mWkC¥W? }\J
 *%= ZYm ¡¢TªfGe=¥ª¸«+ye;-¬UufGk?dWa=¥¸«|ZYX[alxjki os®ba@=G?C,$~k?Wduosh^osZAX[a q ZYumWalhpZ-nWxpk?CxfGX[X[almuu¥(1.=<6©.4*s©.
 &¬'7(+*&D-.(1#u&Lj 5©6'7')(1."5G¥0?*ukCec®Ckiagt¬?¥b~J_ fGac?fCeN¥W¸«>6yfGm q ZYmbJZAxp?UWZZ q oAc¥0Aeldb ZYxtYf q ZYX[agtwydWWecagosU ¡
ZAxjoA¥F= k}o{hjkCmE|k?x q xpZ@tU?h¸¹k?m q k?m¹¥1A? Q@?
¤¥¤§¦©¨Fª¬«$­$®
 \©8w ¡ * = ecalX(fCmB hjk-fGnunJZ@fGx$ ´3mMZYv acoshpZAmut$Z^xpZ@osdWelh|¯k?xnQkCecrbmWkCX[agfGeªosk?eld hjalk?muokGynufCxjfCXZYhpZAxs¡ q ZYnQZYm q ZYm}h¸
º£¼{oY¥
 !s#2&	'!a6. * 2.#DhU 
 &¬#p#u&	s!
J8w ¡ *= elacX(fGm hjkfGnWnQZAfCxs$G t$kCmb?Z$v*fGnunWxpk}fCtU*hpkxpk?Wduoshyo{hfGWacelalh{r¯k?xSelacmWZ@fGxyoprboshpZAX(oa©hjUdumut$ZAxshfGacm[ojtYfCecfCx
nufCxjfCX[Z$hpZAxjoA¥  d  " 0:k©.
2.#DhU6©.4* 3 3 #D(1'7(546#p(+.
 *_´z= kir q ¥S¸y +ye;-¬UJfGkCduaN¥ +3zWZAxpk?m¹¥ 6*z=5fGegfG®bxjacopUWmufCmysA?G\ $ 
 (1.4&s6?"6©#D$(- d$.4&	 06VU(1#p(+&¬! (1.  !$#u&	' 6.4*2.#DVU S&s© i¥Q_b¼{º6_bhpd q acZAo3alm£3nunWelacZ q º»fGhpUWZAX(fihpagtYo5?kCe=1JW¥u_b¼{|º¤¥uwyUWacecf q ZYecnWUWagf
¸«+ye-¬UufCkCdWa=¥«_´ ¡=¼ 3agt$dWecZAojt$d Z q oAO=GC?,$  * 6.X)s&¬! (1. 
 (1.4&s6©?"
6#p$(-d$. &¬ 06hU(1#  "
&¬#S*![(1. 2.#DVU ¥
 q ifCmut$Z@o5almEZAopal?mfCm q  k?m}hpxjkCe=¥u_b¼{|º¤¥uwyUWacecf q ZYecnWUWagf
 < .  =¬y¸
fCojosZAxpxjZ=GCu$ -¬elk?ufGek?n hpacX[a@fihpackCm alhpUnJk?elrbmWk?X[acfCeco(fCm q hpUWZ£nWxjkCuelZAX kG¬Xk?X[ZYm}hjoA¥  d  " 0ek3 34#p(1'7(54Q6©#D(+©. PXP mWk(W¥GC F<W
  - ¸¹ZAkCmWki´¥8E^ 6^wkCmWk?X[fCxpZAmW®CkJ¥6* =¬_ XacxjmWkiif {@CC   S & 	 0&	.X)  *'6(1. "
&	#0Q*! Y¬©.ZU(1. &s6
 . 6VU!$( ! k S&s ;6©.4*  3,3XU(A)s6#p(+.0!¥ukCxje q _ t$acZYm}hja©Jtw«dWWecacopUWacmW  ku
cA8w SwSfGxjxpaceckBNCCC  _bZYX[a q Z$umua©hjZnuxpk?CxfGX[X[almWMxpZAecfGv fGhpackCmuo¯kCx[osZAX[acfCel?ZYWxfGagt(nWxjkCWecZYX(oA¥ "
6#S&	']6©#D(A)s6VUj 56'7'7(1. 5  &	 k PRP muk[u¥JG?  ?G
cC¬*u~3fGm}hYZYxsAC?,$ 
 m§hjUWZaA8fGecX(fGm ¡pC«fG®bdWQkibactU ¡ wkCnQki^ecZYX[X(fW¥  !$# k2.#D k 
 &	#D# k   mWk£C¥ Q@
c@ -J_FYZY  ¥ ~8 +3A8fCelX(fCm{@C?, u_ dWxecf(oshjfCWacelalh8fGJosk?eldWZ q  dWm£oprboshpVAX[Z q  @­}dufihjalk?muofGd v q a:9 YxjZYmJt$ZAo JmWalZ@oY¥2'@3 k@&	.4*k  )s6* k  )	(Ak   -muk§ ¥WC,<  CC
cA¸«>6yfGm q ZAmbJZAxp?UWZC¥u_´= kir q {A?C  u_bZAXa q ZYumWalhpZ8nWxjkC?xjfCXX[acmWu¥  d  "@&(+&    mWk?¥W\? b,J
cY\©a?*CkCec®Ckiagt¬C¥?~8}_ fCal}fGe=¥C¸y 6yfGm q ZYmbJZAxp?UWZZ q oY0=G?C,$ <6©.4*,]©.  &¬'7(+*&D-.(1#u&j 56'7'7(1. 5C¥"Aecdb ZAx
tAf q ZAXagt¬wydWWecagosUWZAxjoA¥S= k?oshpk?m[EkCx q xjZAtU}h5¸kCm q kCm
cJ76^ *C«fG®bdWQkibactUx{@C} «_ kCecd hpackCmkGtYZYxphjfGacm X[fGhpxja©v almuZA­}dufGecalhpacZAo(acmhpUWZ»oshjfCWacelalh{r hjUWZYk?xprPkGmWkCmWecacmWZAfCx
tYkCm}hpxjkCeuopr o{hjZYX(oA¥87hU k  6,*k6© " k    P   ¥QA?G\ QA?  +ymuCecacopUhjxjfCmuosegfihjalk?m(alm   (+&	#."
6# k) VU_k  ¥
}G  ?CY{@C?, 
lnm¤olDp
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
